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ITO.0049US 
(P16246) 

OPTICALLY ACCESSIBLE PHASE CHANGE MEMORY 
Background 

This invention relates generally phase change 
memories . 

Phase change memories use phase change materials, 
5 i.e., materials that may be electrically switched between a 
generally amorphous and a generally crystalline state, as 
an electronic memory. One type of memory element utilizes 
a phase change material that may be, in one application, 
electrically switched between generally amorphous and 

10 generally crystalline local orders or between detectable 
states of local order across the entire spectrum between 
completely amorphous and completely crystalline states. 

Typical materials suitable for such an application 
include various chalcogenide elements. The state of the 

15 phase change materials is also non-volatile. When the 
memory is set in either a crystalline, semi-crystalline, 
amorphous, or semi -amorphous state representing a 
resistance value, that value is retained until 
reprogrammed, even if power is removed. This is because 

2 0 the program value represents a phase or physical state of 
the material (e.g., crystalline or amorphous). 

Thus, there is a need for better ways to use phase 
change memories. 
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Brief Description of the Drawings 
Figure 1 is a schematic depiction of one embodiment of 
the present invention; 

Figure 2 is a top plan view of an array in accordance 
5 with one embodiment of the present invention; and 

Figure 3 is a schematic depiction of a system in 
accordance with one embodiment of the present invention. 

Detailed Description 
Referring to Figure 1, a phase change memory 10 may be 
10 both electrically and optically accessed. By the term 
"accessed" it is intended to refer to one or more of 
erasing, reading, and programming. 

A phase change memory cell 14 may be coupled to an 
addressing circuit 22. The circuit 22, in one embodiment, 
15 may generate row and column signals that may cause 

potentials or currents to be applied to the electrodes 16 
and 18. In one embodiment, the phase change material 24 
may function as a variable resistor whose resistance may be 
optically and electrically altered. In addition, once its 
20 resistance has been altered, by passing a current through 
the variable resistance, the memory cell 14 may be read. 

The circuit 22 may be coupled to logic 26, in turn 
coupled to an optical/electrical interface 28. The 
interface 28 may receive addressing commands from a 
25 suitable electronic device. These commands may be 

converted into an appropriate form by the logic 2 6 to 
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change the information stored in the memory cell 14, to 
either high or low resistance states. These states can then 
be read out through the circuitry 22. 

The interface 28 may also develop optical signals that 
5 may be used to alter the state of the memory cell 14. For 
example, in one embodiment, an optical mirror system 12 may 
control the application of laser light to specific cells 
within the memory cell 14. In one embodiment, the system 
12 may be a micro-mirror system, so that laser light may be 

10 deflected to expose one of a large array of memory cells 
each having phase change material 24. 

The memory cell 14 may be covered and protected by an 
overlying layer 20. In one embodiment, the layer 2 0 may be 
a transparent layer to permit the passage of light. The 

15 layer 2 0 may also thermally insulate the phase change 
material 24. 

The array of cells may be arranged in rows and 
columns, although the terms rows and columns are to some 
degree arbitrary. Those rows and columns of memory cells 

20 may then be electrically accessed, as well as being 
optically accessed. 

In one embodiment, if the memory material 24 is a non- 
volatile, phase change material, the memory material 24 may 
be programmed into one of at least two memory states by 

25 applying an electrical signal to the memory material. An 
electrical signal may alter the phase of the memory 
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material between a substantially crystalline state and a 
substantially amorphous state, wherein the electrical 
resistance of the memory material in the substantially 
amorphous state is greater than the resistance of the 
5 memory material in the substantially crystalline state. 

Accordingly, in this embodiment, the memory material 24 may 
be adapted to be altered to one of at least two resistance 
values within a range of resistance values to provide 
single bit or multi-bit storage of information. 

10 Programming of the memory material 24 to alter the 

state or phase of the material may be accomplished by 
applying voltage potentials to the electrodes 16 and 18, 
thereby generating a voltage potential across the memory 
material 24. An electrical current may flow through a 

15 portion of the memory material 24 in response to the 

applied voltage potentials, and may result in heating of 
the memory material 24. 

This heating and subsequent cooling may alter the 
memory state or phase of the memory material 24. Altering 

20 the phase or state of the memory material 24 may alter an 
electrical characteristic of the memory material 24. For 
example, resistance of the material 24 may be altered by 
altering the phase of the memory material 24. The memory 
material 24 may also be referred to as a programmable 

25 resistive material or simply a programmable material. 
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In one embodiment, a voltage potential difference of 
about 3 volts may be applied across a portion of the memory 
material 24 by applying about 3 volts to one electrode 16 
or 18 and about zero volts to the other electrode 16 or 18. 
5 A current flowing through the memory material 24 in 

response to the applied voltage potentials may result in 
heating of the memory material. This heating and 
subsequent cooling may alter the memory state or phase of 
the material . 

10 In a "reset" state, the memory material 24 may be in 

an amorphous or semi -amorphous state and in a "set" state, 
the memory material may be in a crystalline or semi- 
crystalline state. The resistance of the memory material 
in the amorphous or semi -amorphous state may be greater 

15 than the resistance of the material in the crystalline or 
semi-crystalline state. The association of reset and set 
with amorphous and crystalline states, respectively, is a 
convention. Other conventions may be adopted. 

Due to electrical current, the memory material may be 

20 heated to a relatively higher temperature to amorphisize 

memory material and "reset" memory material (e.g., program 
memory material to a logic "0" value) . Heating the volume 
or memory material to a relatively lower crystallization 
temperature may crystallize memory material and "set" 

25 memory material (e.g., program memory material to a logic 
"1" value) . Various resistances of memory material may be 
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achieved to store information by varying the amount of 
current flow and duration through the volume of memory 
material . 

The information stored in memory material 24 may be 
5 read by measuring the resistance of the memory material. 

As an example, a read current may be provided to the memory 
material using opposed electrodes 16, 18 and a resulting 
read voltage across the memory material may be compared 
against a reference voltage using, for example, a sense 

10 amplifier (not shown) . The read voltage may be 

proportional to the resistance exhibited by the memory 
storage element. Thus, a higher voltage may indicate that 
memory material is in a relatively higher resistance state, 
e.g., a "reset" state. A lower voltage may indicate that 

15 the memory material is in a relatively lower resistance 
state, e.g., a "set' 7 state. 

Referring to Figure 2, in one embodiment, cells 14 may 
be coupled to column lines 44 and, through vias 46, to 
generally transversely arranged row lines 42. In one 

2 0 embodiment, the row lines 42 may be formed below the 

material 34, for example, in a semiconductor substrate. In 
one embodiment, the column lines 44 may be formed above the 
material 24. Thus, the row lines 42 may extend parallel to 
one another and may have vias 46 that extend upwardly to 

25 contact one of the electrodes 16 or 18 of a cell 14. The 
other electrode 16 or 18 may be coupled to a column line 
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42. Thus, each memory cell 24 may be arranged in an 
addressable location, accessible through rows 42 and 
columns 44. While an illustrative arrangement is 
illustrated in Figure 2, many other arrangements are also 
5 possible. 

When laser light is deflected through the mirror 
system 12 to expose a selected cell 14, localized heating 
of the phase change material 24 may occur. This heating 
alters the resistivity of the phase change material 24 as 

10 discussed above in connection with electrical heating of 
the material 24. 

In one embodiment of the present invention, each cell 
14 may act as an optical to electrical transducer. For 
example, information in an optical form may be optically 

15 programmed into an array of cells 14 . Then that 

information may be electrically read out so that optical 
information has now been converted into electrical 
information. 

Generally, with phase change memories, the memory 
2 0 cells 14 are read before they are programmed to determine 

A 

their present state. The cells 14 may be in either a set 
or reset state depending on their previous programming. 
Thus, the optical and electrical systems read the cell 14 
to be programmed to know what state it is in at any time. 
25 In order to program the cell 14, the present state of the 
cell is determined and then the cell is converted into the 
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desired state. Thus, there need be no problem with two 
independent systems independently accessing and programming 
the same memory cell 14. 

Optically writing of information in the crystalline 
5 state optically may be slower than electrical alteration of 
the phase change memory into the crystalline state. 
However, transforming from the amorphous to the crystalline 
state may advantageously use the electrical programming in 
some embodiments. Light programming may be used when going 

10 from the crystalline to the amorphous state in one 
embodiment of the present invention. 

In one embodiment of the present invention, the 
programming may be done optically or electrically. In such 
an embodiment, reading may be done by sensing current by 

15 applying a low bias to detect the memory state. In the 
dual mode, combinations of optical and electrical 
programming may be combined with feedback sensing. 

Turning to Figure 3, a portion of a system 500 in 
accordance with an embodiment of the present invention is 

20 described. System 500 may be used in wireless devices such 
as, for example, a personal digital assistant (PDA), a 
laptop or portable computer with wireless capability, a web 
tablet, a wireless telephone, a pager, an instant messaging 
device, a digital music player, a digital camera, or other 

2 5 devices that may be adapted to transmit and/or receive 

information wirelessly. System 500 may be used in any of 
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the following systems: a wireless local area network 
(WLAN) system, a wireless personal area network (WPAN) 
system, or a cellular network, although the scope of the 
present invention is not limited in this respect. 
5 System 500 may include a controller 510, an 

input/output (I/O) device 520 (e.g. a keypad, display), a 
memory 53 0, and a wireless interface 54 0 coupled to each 
other via a bus 550. It should be noted that the scope of 
the present invention is not limited to embodiments having 

10 any or all of these components. 

Controller 510 may comprise, for example, one or more 
microprocessors, digital signal processors, 
microcontrollers, or the like. Memory 53 0 may be used to 
store messages transmitted to or by system 500. Memory 530 

15 may also optionally be used to store instructions that are 
executed by controller 510 during the operation of system 
500, and may be used to store user data. 

Memory 53 0 may be provided by one or more different 
types of memory. For example, memory 53 0 may comprise a 

2 0 volatile memory (any type of random access memory) , a non- 
volatile memory such as a flash memory, and/or phase change 
memory 10 illustrated in Figure 1. 

The I/O device 520 may be used to generate a message. 
The system 500 may use the wireless interface 540 to 

2 5 transmit and receive messages to and from a wireless 

communication network with a radio frequency (RF) signal. 
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Examples of the wireless interface 540 may include an 
antenna, or a wireless transceiver, such as a dipole 
antenna, although the scope of the present invention is not 
limited in this respect. 
5 An optical network interface 560 may include one or 

more of the components 12, 28, and 26, shown in Figure 1. 
The optical network interface receives a light signal and 
provides it in an appropriate format to the memory 530, in 
one embodiment of the present invention. 

10 While the present invention has been described with 

respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
claims cover all such modifications and variations as fall 

15 within the true spirit and scope of this present invention. 
What is claimed is: 
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